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(54) ACTIVE MATERIAL FOR BATTERY, MANUFACTURING METHOD THEREFOR, AND 
MANUFACTURING METHOD OF THE BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an active material 
for a battery having superior electro chemical 
characteristics, such as capacity characteristics, 
characteristics and high thermal stability, and to provide a 
manufacturing method of the active material for the 
battery having high productivity and high cost benefit. 
SOLUTION: This active material for the battery has a 
surface treatment layer, containing a compound ^' 
represented by the chemical formula MXOk on the surface % " 
of the active material. In the chemical formula, M is at £ 
least one element selected from among a group comprising 
alkali metals, alkali earth metals, 13 group elements, 14 
group elements, transition metals, and rare earth metals; X 
is an element, capable of forming a double bond with 
oxygen; and k is in the range of 2 to 4. 
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r. Ni. Co. Si. Ti. B. Al. Sn. Mn. 

Cr. Fe. V. Zr. -jkXJ^Z.^h^%^^^t>^ix^hni 

[gf^J® 7 1 |tria7C*X(?D-&^*«:MI2«?&^?&i^« 



fcO. ktt275M4<7>4Sffioa*-Cfc5o 
lf»*«16l tWa5cSIMJ±N a . K. Mg. Ca. 
Sr. Ni. Co. Si. Ti. B. Al. Sn.M 
n. Cr. Fe. V. Zr. RX^:Lti^h(Dm^^i^^ii^ 

[tt^^l 71 t(FlB5c*XtiP. S, W, RXJ^:ifiib 

1 9 1 t}iU5cmM<o^^M\t.m^mMBm^ 

2 0 1 MIB5n5Sf X<7)'&^fili^lim^fi&^ 
[S»*^2 3l ^^zfm&ttl7bm,S g/cm^tffc 

[fH 2 4 1 ifre^*M$3 i tfg&fB5c* X osi^ii 

2 51 fiftE y ^ 9 -t.^Alk'&i^tt^S^. 
^ ^S.t;f =^ ti' ^/ €> 5 P J: 9 $ 

]g 1 5 (ci&e<7>mm^^^f(o 

Ii»*«2 6i 8frsay^5^-^»A{k-&«Fri. liJ^ 

naO^^^B^. Li^Mnj^^yM* ^A^. L i ^C o 
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i-yM* yA2% Lij^Cox^yM' yOa-xB,^ L i i 
i.yM' yA2. Li^Ni^_yM* yOg-^B,. L i i 
i-yCOyOj^B.. L i ,N i i.y^Co^' ,A^^ L 

< t h—otOlt^-Ch ») > ffiJlBflS^^-C. 0 . 9 5 S 
x^l. 1, O^y^O. 5, O^z^O. 5. 0<a 
^2-Cfe9. M' flAl, Ni. Co, Mn. Cr. F 
e. Mg. Sr. V2it5*±Ja7C»d^b<CSWJ:9Stfi 

[f«^3® 2 71 *WB y A if Afb^teo^Fl^mii 

2 81 y ^ l> A^J||»ft«& Jlt^ 9 ^ A^^r 

J^WMt^. RXfA \ tPt ^^t^m^mt^(^RXJ^ 
Al POfc (kl4275S4) ^b-^«:^tf. ttflBy^!^ 

[ES^^ 2 9 ] wiriBA 1 Tc^o^^srt^ies^^^ 

[M^^ 3 0 ] IfrSB A I 7C%(0^«&l;jctnBmf&^^ 
feUlC^tbTO. 175^6Sa%"Ca5>5s »^3S2 SIC 

[111^^3 1 1 tismp Ttmoy^^&ttmmmmmmo 
m^m 3 2 1 iiris p Tc^to-^^fit^jcitr^m^^ft 

So 

3 4] wta y ^ A#A<b-g^«^«m«s^. 

ni.yM* yAg. L i Jwfni.yM' y02_,B.. L i 
n204_jgB,^ LijjMna-yM* yA^. L i ^^C o 
i_yM' yAg. Li,Coi_yM' yOg-xB,. L i ,N i 
i-yM* yAa. L i,N i y02_,B,. L i i 

i-yC0y02-:,B^. L i^N i i.^COyM* ^A„. L 



< 1 1>— ooik'&^b-cfc 5 . ar©{fc^3*;-e. o . 9 5 g 

x^X. 1^ O^y^O. 5, O^z^O. 5^ 0<a 
^2-Cfc!?. M* ttAK Ni. Co. Mn. Cr. F 

t/Pd*bJ:fc6»J:D3l^$JxS^>/i:< t>-o©7c»"C 
^9. BI:JtF. s:slU(Pd^^^'&S^J:9SK$tb'&'>/i: 

< 1 oco5c*-cfei. f&^^2 8 \c^<omMmm 

3 71 y^mmm^ l TJii 3 g / c m^T?*> 

[»*^ 3 81 y j>^^m&t{t^<omm t i^mm^ 

k W: 2 TlrH 4 c9«5ffl<^S:'C3c>6o 
[fi*^^3 9l MIBtc^M^N a . Mg. Ca. 
Sr. Ni. Co. Si. Ti. B. Al. Sn. M 
n. Cr. Fe. V. Zr. 2iT/rix^<0|fl;^f'^iP'^d^ 

Iff ^3g4 1 ] m'^^—'rA^yif^^<o^'^7t%yi(D 

[fB*«4 21 Siia=«-7^-f ^-i/iR^ostrsaTciKMo 

[iS^«4 31 iUfSa-T^-f V:/at*C0ift|57C«X(0 
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m^^4 9 1 MIBIKi«y®;55 1 0 075^5 O oX^oyM. 
tf. ft^3S3 8lc«B4fe<?5m?&ffi^ife^««^SS5t:^& 

iiii^3S5 1 1 m^^ifi 1 oi^ra^^ix 

6. |t*3®3 8l2:IB«<?^«?affl«ftK<^>SBg:^fe. 
I si5^3g 5 2] D ^ A^S^^b^t^^^ i: — 

y^js. r/i';ty y ±«^JRv isi^tc^. i4»i7c*. 

1 3jlS7C3R. 1 4i^7c*. S^^fcJS^tU^^iJlTC^^^^ 



^52 jc?B«om?&<^»it:^ 

:«iK^!>A«m. y^!>A^«?a. y^»>A>r;i-^^« 
y^!>A/j«yN--«?&. 2S.tJ^y^^^A-5ftjS«?feA» 

to 0 0 1] 
[0 0 0 2] 

am^i?^«u-c>(SMi--5 2 5?:«m^ici$>»tfenSo 

N i -MH (^ y^}\^^Wk^^^ K9-^ K) 1i 

y^!>A-f :^->-m?&. y^^^Ajjf y-^-m^te. 

10 0 0 4] r<3^ipj5;«?&ri> jE^ t l^im^^k 

[0 00 5] 

?&^l£i^K<oi^<?>y^!>^S:^U/c^. ^<fi:Sra:^ 

r^y ^!>'A>r:^-i^(^^f A (intercalation) ^ IDUl (dei 
ntercalation) 3&5 Brig6«3lC-5rtg/j:ife®$r®?a^S^«t 
U -C ^ V ^ 5 A^^^ I- $ tL-C V ^ 5 o 
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[0 0 0 6] :i(o^o^£m^(D^h<oRmt^tmti.x 

^<r>it^iii^>iy^/U (chemical potential) (D^it\C 

[0 0 0 7] V'^^M.Zil^mmfDlEmBi^Wtl.Xn. 

LiCoOgx LiMn^O^. L i N i Og. LiN 
ii-,Co,02 (0<x<l) . L iMnOg^^ifiO^g-g' 

i N i o^ns wjmxwRVftiEmm^^co^x&hm , 
f3:3a5*<. Mc^m\i^tkmM&(ommms^^^vx\f^^ 

[0 0 0 8] m^m^Wtis V J>^^ :t:^(0-^m^^j: 

SA/jKiK^ic J: o xm^^<omm^^^i^ t t 

^<oic»ox^ I. imM<o&^misat^'^xmm<omm^ 
mm^^^tK ^t^mm^m:i^^^\zfi^xmm(o 

:tft^m^m\c^^xm^ii^t^m\z^±^^o m^ts:^ %m 

4^ffi<?5L 1 CoOafl&^SttL i i_^Co02 (0<x< 

1) <Dit^j^^^^tK :i(o^o^mm(om^n 

/V b t«mtiom^tii^Mm\c»^xmmi>mm^^ 

J5&tt*«lcKVN^fiai4S:^UTmmrt-T?f^ife (therma 
1 runaway) Srjgr-r^^Jt-e/^ < . m^t^^i'^'Sfm 

[0 0 0 9] m&¥&^&Rx^m^mM^mts^^^:^^(D 



[0 o 1 01 fcisscw^<om^n<^^&m^ik±^'^^^ 
^j^:^mo>mt ur. ^m^nms, 292. e 0 1 

i^MOg (wC.^^ MrtcCo, N i^lmn<0 5t><O^P• 
[0011] iS&^feif©^3fe^%3fc#i-6fci?)<Dte<o*& 
9-5 5 2 1 o-i-^^^jcri, V'^^M.-^^iy^/i^^mt 
it^. fMkmi.xmm^i:v^lEmf§^Wt^^^^fvXis 

!^m^^l 1 -1 6 5 6 6-^mi-rt. T i. S n. 
B Cu, S Ga, Z ^itfiMoiD 

5 7 5 8 y ^ t> A"^ >ift<bfe©|^ffiic 

[0 0 12] U;)>U ^fSl^iS^r;]:. ^^iio^^^m^ 

T.) «r-l-4>lcJ;#$'^S- i:dS-C#-r. 

[00131 lEmm^mt. %W^\Z. L i ^.^MOa (d 

0 < X < 0 . 5 0«SfflT?«t1^>f (cyclic sta 

bility) dS|5i:A/^-:tlJ:ge;feUT^ti^SH635^ xj65 
0. Se^i-CfeS^JCttT^::;^^^ (hexagonal) 
^^S^ (monoclinic) ^iC^Sls^ (phase transitio 
n) ;6Sjar5o J: p /iilBte5|^r±, (anisotrop 

ic) mim\t^isL:i\.xiEmm^n\^m^^y^y^ (mi 

cro-crack) Sr^^^-^S. wHtt. fi&^H«ifi(ca« 

[0 0 141 jESls«^Ho«|jtw^^^4^i8lraS-e-S:fr 
ife^ur. :^@4#i^m5, 7 0 5, 2 9 i^ic«:, 

^-fy'^'K (lithiated) If A^b'&«^<0^®^c:s^?^~ 
m^t\^xmT/^ic^\Sit^^<f^\i^tyi^of^mj^t^ 
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[0 0 15] i^I2T-«:y ^e^-Ml^^mm^^jElffi^^KS. 

^W-x?*>$o t^oT. Steffi. *±te8tU^m«teSr*-r 
10 0 161 :^^miit. JL^UfcBaSj^S:»^*rs:fci?> 

[0 0 171 ^5ligcofifecoi6<]«:. l^6«I^^1t<-«Hfc 

[0 0 181 ;^5ieg<o*b<Dgfi«jri. i^teJctftbTVNX 

[0 0 191 

So 

[0 0 2 01 ^iseiii^fex B^t-a^fe-g-srj^^-rs 
T/v* !^ ±M^. 1 smTtm. 1 4Se5c^. m^^m 

[00 2 1] 

So 

[0 0 2 21 :*:|69g<^m?&ffi?£i^«Ji:. MXO^(Dit^ 
ocD7c^T?fe9. XttBfeiRir-m^'^^J^^i-S-i:^^ 

[0 0 2 31 1 sm^xx^i 4mt\f^of^m^ 

I UP AC (@^«jE * ^SJ^^fc^M-^) 



Na. K. Mg. Ca, Sr. Ni. Co. Si. T 
i, AU Sn. Mn^ Cr^Fe. V. Zr.* 

* rc ^ CO m^-g- i:>-^ -c s o 
[0 0 2 41 >t^i^*w»"e. friBX7c*d5 "f^mti^mf^ 

(delocalization) m^lC J; -> T X 1 . 2 5j@<0^^ 

i:«S^i-S^««?i-So 

(0 0 2 51 2|s:^?«"C. ^^t^^XO,,<0^b^^O 
175S1 5fi*%. iJ^b<liO. 17!rM6fift%"Cfe 

Mj^T^ CI t Jd^ nJtg;fe7C^X<0^:#*l^±SB^?&^?§#» 

«li:^U-CO. i:7!rMl 6SS:%. $jF*b<J^O. i:7!r 

[0 0 2 61 ^m^mm(Dm^\to, oiib 

M2/*m'rfeS<0^5^^b<. 0. 0 17!?M1 Mm-C;fe 
«/J^i-S^dSfoSo 

[0 0 2 71 :^^mx. ^m^mtsfi^m^^ff^V'^^ 

:i<Dm^^ ^m9:(r>^^^'^ttmmmt^^bMxo 
^ti:^Uo mmmmmt^m^. Li. m* cm- 

y^^^AtfA^b-^^^b^^UfcAU Ni. Co. M 
n. Cr. Fe. Mg. S r . V, ^±MjtM. "^tlVX 

»;±«^jii. 1 smjcms 1 4Si7c^. s^a. *± 

[0 0 2 81 :i<oJ;^?^y^!^^^^A{fc'&^<ol^®l-@ 

[0 0 2 91 >^^§go^^"*uv^^^S0i!^cJ;5t. yf^-j^ 

A^A-fb-^^. &T/A 1 P ^ ^^t^m^mt^^RX)^ 
A IPO,, (k«:2;5M4) >fb^ig^5r^ri-S^®^!!;3lS 



[0 0 3 0] Mxo^it^-v^m^m^ti 

'^^z^^^^^ yu-'h. "Kfti® (SnOg) is: 

s„ (n^i) . ^mm,mt^^ijmm'--mn^-'j^ 

^ ( (CgS,) „ (x = 2. 5 — 50. n^2) /.cif;65 

[0 0 3 2] mis,)> f-^ j^Mt-^m^. mm. y 
[0 0 3 31 ttna^^^ bx(i. #ft«j^^> sssa^ 

tWa*Sjt«*o«iJtUT**. yyVi3--^.> (soft c 

arbon. iSmi^^^) K:*— s}?:/ (hard. 

[0 0 3 41 ^m}}'^^j^nMt^^n. w^m^^. 7^ 

[0 0 3 51 ^5S§^lc;BV>^:h.5y ^e^AjfAfb^^i: 

uTfi. K#o^-c(Z)y (y^^^A^jHK 

[0 0 3 6] 

L i ,C o i.yM* 

L i3,Coi_yM' y02_.B, 

L i ,N i ,A2 

L i ,N i y02.^B. 



Li^Nii^Co^- .A. 
L i xN i x-y-,C OyM* ,02.„ B „ 
L i i i_y_.MnyM' ,A „ 
L i ,N i ,^,Mn,,M- ,02.^ B „ 
[0 0 3 71 ^IB^-t*. 0. 95Sx^l. 1. O^y 
^0. 5. 0^21^0. 5. 0<a^2-Cfet). M* tt 
A K N i ^ Co. Mn. Cr. Fe. Mg, Sr. V 

0(07C«-C*) t> . Alio. F. S&T/Pd*?>/ji<5»J:l3 
S*^$H^^I^?&< i:t-o<07C*Tfe9. BWtF. 

(0 0 3 81 roj:9>&y^^AifA{fc'S^<05iri^«i^ 

m7b^2 0 umXh^(Dtm'kl.<. 375^1 S/xm 
[0 0 3 91 *I89^"CI*. fl&«jKO^ffi»rMXOi,<Ofb 

i. M* (M' tty^>>A»A{i:'&«^*»p>fi5fcLytA 

I. Ni. Co. Mn. Cr. Fe. Mg. Sr. V. 

/v:^; y ^m. T/u^ y ±!®^JS. 1 3»7c«. 1 4 ]K5c 

m) slx^o ^tfm^i^it^ MX Oy^it^ t ^ 
[0 0 4 0] -^tc. ^i^a mmmm^n) <o9vzf 

(compaction) 
-To 4c5l9g<7>^<feSr<o ^ 3f Wc 1 3 g / c 

( 0 0 4 11 mfaffla&tew:. >< 
mjLmt. m^\\L\^^i^fmmn^iSi<ommi^^ (lubr 

ication effect) SrH^-TS C t 6. 
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[0 0 4 2] m.m(o'^^mz^^t^R\^■rmhmm^m 

e OzMj^^^-r^itK ^ms^lJlttL i i_,C o Oz(Om 
jg^r^rU 4. 9 3 veilJi-e^«r$»'&l2:ttL i 

±{zm^i^titc:^:^^Bm(OC d 1 2^5^SrW"r6« U ^ 

lC^$tL5L i 0O2 (xttO. 5£JL±) Ofliat 

fc-5^i^®C>l?&6^^3£i^t^. DSC (differential sea 
nning calorimetry) m&C^^X^^fl^^mi^^ 

[0 0 4 3] :^¥^m<DMXO^it^i^ MPOj, 

^m<o^^wn. m^(omm^m^fhx\^^tg:\^^fBm9ikc 
\t-<x1m^lmi(i^^m\c^m^i^lit. 
[0 0 4 4] :^mm<oMxo^,it^^^^t^mmmm 

H (=5^-5r/i-^JH^>>f K^-Y K) ^mm=^i/^/i^ 
y^i^AjHy^-«?&. y^^^A-fi£^m?&>fcif 

-60 tirlB®?feoiE«i24.TJ5^^<7>9"^<D^nj:< 

:^>'m,^(7^mmn^m^nm s , 753. 3 8 7-^tc^ 

[0 0 4 5] wimMxot^i\:^m(Dmmisiimm^ 
[0 0 4 6] ^-f. ^—y'^^^ifmxx mmt-M^ 
/v:*y^Jii. r/v:fry±s^jR. 1 sbitc*. 14^55 
^'^t^it^mtAxw&^'tx^—T^>'^m^^ 

(suspension) *fcfi^i^^^CQi^:^S:^tfo 



[0 04 7] mtmm t -mm^^mf^'ri> :Lti>^x^ 
^7tmx^^tfit^^(oMi&n. ^imM^tm^iiB, 

^:ztt^x^^7Lmxi>^px;h^m^. m^tiim^'^ 

S:?^^i-5wi:d5-etS7cmS:'&tHfc:^i^iurriy 
tt7K*r:r>'^=^!>A ( (nhj sHpoJ > p 

2O5. H3PO4. i ^FOj^ift^^^o a— X^i^:/ 

<o X ^-^tfifci'^^o^^sfi: 0 . o 1 3 0 ma 

[0 04 8] =1— >^^at*c^v^bnS5c*MJ:iT/^ 

:*y^. r y iiP^jRs 1 3Si7c*> i4iji5c 

Co^ Zr^ Mn^ Cr^ Fe^ Mg^ Sr^ 

;«?y^. T/i^;?? y ±m^ja. 13]^^^. I4;^7c 

^^t^it^mtt^ ^—T^>^m\^0. 0 175^3 OS 
S%-e$>S<^;6S^g^*U<. 0. 0Sa%-t?$>S 

[0 0 4 9] tfrfBOJ;5lcSf5i$Hfc=-7^>f>'i/«et? 

^a-a'-t-SS«ifete:i:orfTfc>nSo ^offi. - 
[0 0 5 0] r<z>J:5lca— >:^$i^fe^'feStSrfK^ 

So Bu^ia^asiasttii^i 0 075^7 oot:. ^^^u< 

ttl 0 075^5 0 0t:-efcD. l»«yiNPP^Itt 1 7511 2 0 

r^^«!;Si-ScoT\ :;^S^M^{s:=i:^ hfii5iS(^)ail^jjs^ 

So 

[005 1] mk\mmm^rM\^:;i<>xi&=$-wi<omsk 

^^ifet-Si£i^^j55/^v\ 
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[0052] t£?immx.u^m cxmmtmm 
10 0 5 31 :^^m<ojEmm^w^^umi^(owkxm 

3Si-^»^[5g. Rrmtdmm^^t^mm^m^Lx ^^^^ 
[0 0 5 5] j^Ts ^mm<Di3-^\^\f^mmmRxfit»m 

[0 0 5 6] (mmmi) l go (NHJ gHPO^i: 
1 . 5 g (?5A 1 hl^— h (A I (NO3) 3 • 9 H2 

1 OumXh^L i Co 02^:2 0 g^LTiS-g^Ufc 
1 3 Ot:T3 0^P^«J»bfco l£« U^»5|c* 4 0 

ot:-e5^^^?uay®UT^®ic:A 1 P t $r-&tf 
it^&X/A 1 POk^fc;-g^«^Sr'&t^^ffi«5.3ffi©;d5?l^lK$ 

(x^H" ^^^-) ^94:3:3 <OSS)tT*iS^ UTIffi 
S^-irtf^y y — SrJ^3 0 0 /z m<^ff$-CA 1 jJ^-^/^± 

T^-f 1 3 0t:-e2 0^®|£iBiu 1 

^ U .i^j^t— h (EC) t ^/W*— h (DMC) 



[0 0 5 7] im^m2) IIJfe03l<^=x-f^-f V^f^l 
5 m 1 iZW-i^m-^tf^ 1 On m-Cfea L i C o O^^ 2 0 

A I t P ^ <0^fi«:fi&^« JCjfct LT 1 . 5aS%t? 

[0 0 5 81 i^mms) mmmi<D=i-'r^i^^m2 

0 m 1 \cW-^n^7b^ I Oil mXi>^ L i C o 0^%: 2 0 

. A I i: p t <o^fi«:fi&^SI^5tt UT 2Sfi%Tfco 

[0 0 5 9] (Ilfite0il4) lllS09l<^) = -x^ 
0 m 1 IzW-i^^mi^i 5 M mTfee L i C o OgS: 2 0 g 

Bt. A 1 P ^ (omm^mmm^M LT 1 
[0 0 6 01 (HlfeWS) SMQfSXiS*: 1 0 ^raSife U 

[00 6 11 (^0i|6) «y^ysxm^5 0 0t:-c5^ 

[0 0 6 21 f»«VSXS*5 0 0t:"ei 0 

^fs^ifeu^hr i:Sre§jv>Tfi. meMmmi tmmtj::^ 
[0 0 6 31 (mmma) iiis*pai<??=«-x>fVirat2 

0 m 1 5 /i L i C o O^^ 2 0 g 

^l-Ta— 7"^>^irU fR*a!3®Xi&5r4 0 0t:-Cl O 

^x^><:y^^zr<D^mm^m^i.ft. z(o^^ Ait 
p t <Di^mitm(^wicM UT 2fia%T?3j)o fc, 

[0 0 6 41 (IIJfe0»l9) SI»«f!H03-x>fi^^?Rl 
5m 1 IZW-^m^t^ 1 O n mXh^ L i C o OgSr 2 0 
g^UT3-7">f ^^MTM^ 4 0 ox:x 1 

[0 0 6 51 (HJSWlO) L i CoO2<Oftfc0IC5p 

[00661 (HJS^J 11) L i C o 02«^)ftt>t) 
*5li(&^d5l SMin-CfeSL iNio.9COo,iSro.oo2 

[006 7] 12) L i C o Oa^Oftt)*? ^C^P 

*Si^M;ft5l OMm-CfeSL i N i o. s^no. gOj^ffl 



V ^^mxm^ 4 0 0 t:-c 1 o ^f^^Jfe ufc r t 

[0 0 6 8] mmmis) nm^Ko^—'f-o^^ 

2 Om UCL i C o 0^<D^t> t) XZ.W'^U^t'^ 1 0 m m 
t?$>^L iNio.8Mno.2O2^2 0 g^bXa-X 

^>'i/ufc^x f^^3®x5^^4 0 ot:tM o^K^^feu 
[0 0 6 9] m^nxA) L i Co02<^f^i:>9J^^ 

13m m-C;fc^ L i i. 03N i o. e^Mn i^C o 

o. lA 1 o.o7Mgo.oT02Srfflv^fcr ir^^VN-Ctt. MIS 

[00701 1 5) 1 T*»ii$^^fcJE@ 

V ^96:2: 2 0:Sfi[i:t-e^S^UXjE 

Tj5/<-f UTjJ^y :7>^<kfc^ij7*>^^9 0 : 10 

(DM&vt-cm^ ur 7 9 —^mk c u 

|. (EC) t i^^ ^A'*— 4?^— h (DMC) 

Sri : \<Dmk\t'Qmi^\^itmm^iy^(oi. i^^^t^ 

[0 0 7 1] 6) ^«f!|l<^3— T^^fV^SS 

2 0ml IC3^^II^^2 0 g^Ufcw2;^§^V>Tltv 

agufco -^^> A 1 p <o»»i^SifeiWc^ ur 2 
[0 0 7 21 (^J6«i7) nmmKD^-'T^iy^m 

2 0ml lCS<ferirSn02^2 O g^Ufe;i 2: 

[0 0 7 31 1 8) -mm i o=i— 

2 0ml li::^'^St->y (Si) ^2 0 g^JqUfcr. 
:/(D^m?&^»3tbfco r<o^. A 1 P t Oi^ftrifif 

[00 741 1 ) lEma^n h x^x^mLm"^ 

1 0/*m"C^5L i CoOztr^V^rWrlB^IISl^l i:^ 

[00751 2 ) iEig^i^H LT¥*^^dS 

5 n m-CfcS L i C o Oz^m^i^Xw^^^WM 1 ^ 
fi:1j^X ^41^94 ^Mot b/Co 

[00761 (it»«?iJ 3 ) A 1 -^-^f M^— b (A 1 (N 

O3) 3- 9H2O) i5^$JxTv^j5;v^t>(0*3— f'^f 



[007 71 (tt«*« 4 ) jE8i?§feK h x^x^mtm^ 

[00781 (Jt«t0y 5 ) Wm^WS, h 

1 OAim-CfcSL i N io gMn 0.2^2^^ ''^'^W^^ 

IfeM 1 I^^jS^:^^'^ ^'i^^ 

[00791 (ifc«« 6 ) lEW^WK h UT¥*^«at^dS 
1 3 Mm-C^'5 L i N i 0.9C00.1S r o. 00202^^^'' 

[ 0 0 8 0 1 (it^leM 7 ) jE®?S^® U-C^FlSJeMAS 
1 3 |im"Cfei L i x.osN i o.ea^^o. 19^ <>o. 1 

o. 07M g o. otOs^^ v^r«&lB^lfe« 1 1 

[0 0 8 ll 

^Jfe0giO=»-f >'t5^-Y:7'¥W&l^*tb-C4. 3V-'2. 
7 5 V<?>«3E<SSS"eO. 2C, 0. 5C^0^1C-C^*fc 

ic. H:fe«fil<om?&l^:*hrs^S^J^KF^4t>^^c^bfco s 

1 <D J: 9 iJi. Jt«w 1 ©mj&rtw^ ( 1 c) xwm^ 

(0. 2CS.t/0. 5C) XOAL^X^W^W^-t 
^tK %W8i 1 <omm«ciei^-et>«0^^fi:3&5 1 5 2 mA 
h / g t PISS<^^*^«r^ bfco 

[0 0821 HJfe^ 1 JIT/H:|5J*?!J 1 Oli?&lcMUT 4 . 
3 V-^ 2 . 7 5 ViDaffiiSffl-C 1 OX%WM.^%'^ b. 

1^-r^/^lcJ:^^*^S!I:£bT®2lc^bfc• ^ite^yi 
3 0 liio^mi^^ ^/u-e^ftsfts^afct-M^i^-r s - h 

[0 0 8 31 ^jte^somiw^br 4. av-a. 7 

5 V0D«iEffiffl-CO. 2C^ 0. 5C^ iStt/lCtf^ft 
mollis bT. ^cO^^J^^@3 (a) iC:^bfco Si 3 

(a) cojg^tt. ^j^m4^iito^m^4^?tis-r6fc«> 

JC. |U6^^5 0jEjS^«llC»mSr:^* (1.5kg batch si 

ze) ic^^u. msom<r>mM'tw&t.x%im^^^ 

fFliU :ifhh(0^i^W^7^vtzi><ox^^. ms 

(b) (i@3 (a) <£ri£:^bfcia®-Ci>5o @3 (a) 
^^^oV^■C. lC-e«}^^*3651 5 0-'15 2mAh/g 

Xh^. ^f^m^^^^S. 9 1VX. (0. 2 

c) t^^bfc3it:i:%^bfco -o4t^35t::i:tt. IC 

■ei^-<^/^3555i*rr^C0|Cfl£o-CSfcSftj»3^0. 2 C-C 

<o^^[mftl^^!::bfcv^^c5£^L■cv>< irVNp^^^tffco 
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tL5l^$?S$t (Internal Resistance) (0<£TJCj:6Sc 

[0 0 8 41 Sllfi«|2<0®?&lc:^bT4. 3V'-2. 7 
5 VOfajECSfflTO. 2C. 0. 5C. ^^U^1C-C40 

laJ<^*ika^l^26Lr. •t<ote^^B34lc^Lfco @4 

«• ^Ifefi^l 2<OflK&lC5a^U-CO. 2C. O. 5C, R 
tJ^lC-C3 0lsI<©aEBtSS:^JfiUT. -tiQte:^^:® 5 (C 



[0085] igi. (33 (a) . HI 4Raig 5 IC^^ii, 

[0 0 8 6] 
[^U 



C-rato 




^^011 


9I%«2 




£850012 


O^C 


154 


159 


159 


161 


170 


0.5C 


151 


156 


156 


159 


161 


1C 


143 


152 


152 


152 


146 



4. 3V-2. 7 5V<D®JE<®ffl-ClC-e*»a^||JS 

^v^fc@^a^±^•ciE#<o l i c o 02 at^m 1 ) j: 0 
[0 0 8 8] mmMiRxj^tt^mi<DmmzMvx4. 

3V'-2. 7 5V<Oliffi«6ffi<0«:*>!?JC4. 6V'-2. 
7 5 V<O®E<aH-e0. 2C. 0. 5CS.t;^l c-c^ifc 
mSr^ifeUT. -^^o^mSr® 7Jc:^Lfco I3 7i::^U)t 

txmm^mcM ur 7 0 %^Tic«/i> ufc. tuc^^ 
[00 89] mmm 1 1 <DmmcM uris^ 

«mjE^4. 9 5V{c:±#$^T0. 2C. 0. 5C^ 
<^fe:^*H8JC^Lfco lfc«0i|l(Om»r3:4, 9 5V-e 

[0 0 9 oj m^xm.mv^j:^t£:^mm\zx^iEmm 

mi^mt^^RX/A 1 P Oj, ( k «: 2 4 ) -fL-^^ig^^dS 



(0 0 9 1 1 :*:^5^<?5^M^SSd5m?&Ol4iglc-^;t<5 

f^t\cMvxic xiom^mt^wm 0 9 ic^ u 

fco ^^^i^htC— r a t e 5r O. 2C;6*^0. 5C, 

1 ci;i^<b$'^/^dse>ffl;£Ufco ia9coj:pjc. H:tt{?i| 

[0092] nmm 1 5 -cMis^ttfciiffiw 1 

^-^tf 9 3 OmAh^J^y '^!>A>r:^>'^^&(c:^t*t-6 
4. ^Wlb^Z. 7 5 V<Z>®E4SH-C 0 . 5 C. 1 CJt 

1/2 o<r>Wi%mStr:<o^AnSE,:»-'':f^^ i ofc^u 

»:m^S(c^UT9 5%£iC±|e:i^i»$*L:fco t^oT. 2|c 
^ W I:: J: o r »at $nVhfi&«&KSr^tf y 5^ 

[0 0 9 3] J:-5fi&*^ (m?&ffiS^K) o^jr 

it«0y 1 XW-^ L;fciESffi«Sr 4 X 4 c m^<D*# 
1 O^tt 1 5 0 m g X^ V > 1 <om^\t 12 0 

1 J: ^1609 1 <o:^if>m^^m t^y -f^^ 1 t 

[0 0 9 4] 
[1^2] 









0.2C S5 
(mAh/e) 


0.5C Sfi 
(mAh/e) 


(mAh) 


^mm 1 


3.79 


2.5 


160 


150 


24 


it«t0) 1 


3.42 


2.1 


160 


143 


19.2 



[00 95] WT. J: 9 nc^siizyse^o^ag^^^ lc:ov^rIft9g■r'5. 
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[0 0 9 61 ^m^mm (om^i^xj^^^^oi^^ 

m^^Mm<omit^^mrt^f^MC, stem (Scannl 
ng Transmission Electron Microscopy) JIH UX^ 
m^^W^^WrVtz^. ^®d>b5c*4>^ (elemental ma 

pping) ^mMi^tco "to^B^^mii (a) 

1 (c) . &XJ^^12 (d) d*bSl2 (e) {Zt^X^ 
fCo HI 1 (a) ri:/^-^ h^^-f— ;VK (bright fiel 
d) -eo^S&^aSTEM^^T' mi (b) *5J: 
1^01 1 (c) V IfeWcmi 2 (d) ^SitJi^l 2 
(e) fil^l-Co. AK PRtJ50<D5^:^^Sr^U^tST 
EM^^^-Cfc^o ®1 1 (b) *5i:t;iai 1 (c) . m 
mzmi2 (d) *5j;U^iai2 (e) <0^o\Z. Co. 

if^^t^^. c^vf^i^ffiJcS^Wks-a-^^tJ^Ai PO 

[00 9 71 1 o?&i^5t(D^®i;iJ^^^ixfc^® 

fiJffiUXAU Co. JtrfPO^ff^cr^Ufco ^ 
Sa^&^e^F^Wci^S 8 0A^-Cfife^:9-^Lfc^^Srl^l 3 
IC^ bfco 013 tc^i-i: 9 ic, ^cS^* 2 3 0 Am 
S<ol^$*TA I P t Sr-&tf@»*<b^^Rtf A 1 P 

C0O2 (L i i_,Co02'C. xOffid^O. 5^±) fx^ 

[0 0 9 81 5K[^:^{*:07C^^^%^-<6:fcJ?)JC, ^ 
mi<Of&^Wl^ii^^<^^^^^^'^^-^ (line scannin 
g) U"CCo. Al&T/P(OEPMA (Electron Probe 
Micro Analysis) ^^^^M\^fZo CO^gj^^H 1 4 

(a) tiai4 (b) tlC^U;fco ^14 (b) 

•rs J; 9 tc. 1 M m*-eoia55^-^^it A 1 t P 

^27b^4.) it^^ii>^^Vt(Oy<A'^ (bulk) l^lc|i:fit 

[0 0 9 91 ^^m<omM^i(Df^^w<ommi^mM^ 
m^-r^ AitPt ^^t^mmmt'^^Ri^A i p o„ 

( k 2 7bm4) ^-a-^COXSft^tm^^^ife (x-ray ph 
otoelectrcn spectroscopy ; XPS) \Z^^^^<D1^^^ 

(k«:2:?!rM4) {i:^^ftP205>ffc:'^^^ri^?^5®» 



fTi-S<3:>t=:^oTffi^ (ic) -co^ftd^^iLftliifeii^i' 

:$:^^O@^i^>fl:'^^S.0^A 1 POj, (kHL2:75r 
tW-^mB.^^^T (1119) o ;itt(:i. ^jfe^iiKO®^ 

?g<o-Sie-&^=&i-S@^*^^l:'^^S.u^A I POj,{b^ 

[0 1 001 :^^m<D^m^imm\c:^^'r^A \ po,, 

filh\Z^ ^) V^^f^"^^^^ ^ (cyclic voltamm 

ogram) -CS^itilTctr— ^7 ^^g^bfco ^^^^WBiXm 
5 <Z>m?&tw*r y !> A^JS <SrSii«ffi (ref ere 
nee electrode) h UT 3 V:75M 4 . 4 VOmEfiH"C 
0. 0 2niV/s e c 0O3^;^-e;^^-Y 
>f i7 y jr^/J^/U^^i/^ASr^^irSl 6 (a) AO'S 1 

6 (b) ir^bfco P >^^:i?/w^^^^7A<^ife^t; 

[ o 1 0 1 1 ifm^cow^^^ww^^mms^A i pojb-g^ 

(diffusion coefficient) 

(c J: 5 <o y ^ !^ A^ vojtft^SsftsjtftW 1 

[o 1 0 21 ^/t. lai 6 (a) y s^^^k/^^ 

^^^Ad^b. lt«««iriJI«t»4. l-'4. 2 5V#ja-T? 
ISJfe«S»l5<Of--f ^y y^^3!H/V^*i?^7A (016 

(b) ) «;:i(Oj;5 3^+a^St«i^iJ^tL6tr-^3&5^:^ 

[0 1 0 3l 2[c|6WOiEffilSifeS^;ft5i^>r ^ P ^ifi^iV^ 
^ ^ A -c^B^e^{c J: a ^ <^> t ItSfl $ 6 tr— Srm^ 

t^0i|l<Dm?&l-MUT4. 6V'-'4. 2 5VO«E*Sffl 
*6) ooa^^bSra^L-^bo CcDje^^HlS (a) ^fclJ^S 

18 ( b ) \z.m bfco it««f!i 1 (omm9.\t%wim\z 

4. l'-4. 2 5 V-t?7^::^S^ (H) -►^^^^ (M) 

(H) <D«jt^-ffcdSje^So i^i-. cttx-<o 

fco r<oJ;9 75r^:^1iW^^i^Bi:&5#tt(®#oo. 2% 
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^<omtttmmicML{S^\. Ois (a) > . cmi;::^ 

10 10 41 ^M^^\^<Dwm 

9 10 DSC 

(TA InstrumentttKa) ^fljffl UTD S C^l^fSrff o 

yto D s c^i'^ftt^^s^TT? 10 0 — 30 o icota 

101051 019 -c. it^mi (^^5«!f3S$i^TV^/j: 

V>LiCo02) «*1 8 0 — 2 2 OTCCO«Sffl-C:*:#35? 
i-5t>0-Cfc^o wCOip/jt^l^ri. m?&co^^^Sr<B 

[0 10 6] j^M^^:«^^!^^|cJ;ef8i6*JS^<4«r 

3 VCO^S^^^DSCSrjBil^tUT. -t<l)je*S:02 0 
Jc^Ufco mtkm^MBb (ocv) »i4. 

2 9 5 v^±lcj^i^$h,;^ ig2 0(OJ:5t-. 

*feTfHffiU ^^m2 lAX/m2 2\Z^Vfto El 2 1 

RXm2 2(OX0\C, 4. 3vx<o^mf^tmm\c4. 

6 V"cig^m-f-6^ict>i5^ A/iriiJa^cafiv^^fat^•— 
[01081 L i C o 02^4 . 9 3 Vl^±Xi^^mT 

is^sufc^. 4. 3vx(o^mf^tmm^£^mxvs 

^iS0lI9<Dm?&ic^U'CtDsciii^ux. ^(om^^ 



@2 4lc^U:fc:« ®2 3&Oi|g2 4ic^-rJ:plc. ^® 
ftiS^Hrv^TS^v^L i Co02^^^r^;fc:H:«MlAU^2 

(T s ) i^mm\zi&< 5 , mf^}^-^ t>#®ic5>36^tt 

(kfi2;3rM4) ^b^«b;6S?^ift$Jx>t5EffilSig^HSr'g|> 

mmmi. sRx^B(om^^svx^^ni^itmznh 
tiitm^stt, 4. 3v-^4. evvcom^tn^fj: 

*^2 3 5t:^JbTgC*F<OS®tom$ttTV^/J^V^L i C o 
020^^§Hit&M^J;t)|Etj4 Ot:^±t>±#L^ 02 

4\z^i^ti^o\z^ ^mmkzx^xwtm^mt^ivf^L i 

C0O2 (^J60U 1 3^t5 9 ) tt«®ftia$n-Cv^/jrir^L 

i C o O2 (lttfi^0lj 1 S^a^lt«^09 2 ) <t 9 

L iMnjO^ (lt««?il4) J: 
[01091 ^26011 1 0 <o:SEm§^SRXfft^m4 <01E 

Xf^^^^ik^rmm-t^iiLMz^ L i CoO^^t^mta 
^iy^^^&i^\z^tiith<OXhi>t^hitlX\i^:5itK 

lO 1 1 01 ^mWl 2&XJ^1 SiOJEmfBVs'BtRX^lt^ 

^0 2 e {zmL.it. mmm 1 2. HjMswi sRv^imm 

9 10 DSC (TAInstrumenttU^a) $rftj^ UT 
D S C5>^^||iSUfco D S C4>Wtt^^#fflaTX 1 

0 0—3 o ox:<Dmemmx3x:/m i n<Dms3i&v 
:^^^=^i^^i.xmm\^ft, 0 2 6ic^i-<t mm 

^m^h.^mm^l 2RXfl 3<DL i Nio.8Mno.2O 

2?£fea<oai«lStt^S^3S $ tbTV >it«W 5 
4^«oig«ifiJ:ijipjsii/3 0(;::jg^ii;^Ufco ?£oTv 

^mf^Mt mmzigkm9si^i^tin^Mzi^±'ri^ zLtif^ 
[0 111] it^mi (^^(D^^^m^tix\^'^fj:\f^L 

LiMngOj . ^0111, 8, Si;^9 -eSaicL^jE^ 
fS<fell^'&tP9 3 0mAh:^?|^y ^c>A^;?|-:^ti?&2 0 
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[0 112] 
[^3] 







lfcC^0) 

4 


1 


8 


«I691 

9 




10096 


5096 


094 


0% 


096 




5» 


20 » 


90^ 


95 ^ 


95 




90% 


30% 


096 


096 


096 



10 1 1 31 ^fa^ife^?«i. 8> 9Rrjtit«i«i. 4(o 

e IC. 2Cfi.tJ^3Ct?<7>®*li^»<^»*»TB<0 



[0 114] 
[1^4] 







itmm 4 


11%^ 1 


8 




1G 


5L0 


5L0 


5L0 


5L0 


SLO 


2C 


5L5 


5L5 


3L0, 2L4 


3L0, 21.4 


3L0. 2L4 


3C 


5L5 


5L5 


4L3, 1L4 


4L3. 1L4 


4L3. 1L4 



2. #^!iffffSipU:^(OjlMT?fe« 



1 0 1 1 5 1 ll„ 

mii:. ®2 7<Di:5Jc. ^mmiEdU 2Vd-bOVlcT 

d5oTt>mm<?5mffi*5Ji#i-^^^-^^*^*"^o ^^^^ 

[0 1 1 61 

4) it^mtm^^f\^it^^9^^ mmtfs^&mcmi 

So 

[@lQ(Of8!¥>^l%ii^l 

[0 1 1 ::^^m<Dmmm 1 ^Tj^tt^^ 1 ic^ s^mm<o 

C-r a t ei;iJ:S^ft#i±^^Ufci5^7:7-efeS 

[@3i (a) ^^^<DmMms\:L^^^nM\cM\^ 

T4. 3V'-2. 7 5V(Z>mff«fiffi"eO. 2C. 0. 5 



(b) (a) ^^i^vtcmm^^^ 

41 2|s:f|W<^^mi?*J2|ciJ:SH^m?felc^t'-C4. 3 

V— 2. 7 5 ViDmJE^Sa'CO. 2C. 0. 5 C. RT/ 

[S5l *:lS§^<OSIJfe«l 2lcJ;S^mmt-^bT4. 
3V-'2. 7 5 ViOSJEttffl'CO. 2C. 0. 5C^R 

[061 :*:|SW(O||j«0*J5;!»M72fct/Jt«0iH-J:S^ 

[gi 7 1 T^B^cDi^M 1 j^xj^^^ 1 tdi: s^mmic 

^U*C4. 6V-'2. 7 5VO^ftffl-C0. 2C. 

-c$>s 

[lasl 2[s:^W<??^ijfe0iJltliS*^m?l!ltC^U-C4. 9 
5V'-2. 7 5 VOmjEfiffl-rO, 2C. 0. 5 CS.r/ 

C-r a t eldiSf^l^^r^l-fc^^^^^"^^^ 

[m 01 :^^m<Dm^mi s<Dv^^j^'^y^i^m^\^ 

Mb-C4. 2V'-2. 7 5 V <Dm^9&M-r^ 0 , 5C. 1 

imi 11 (a) 3?^^^ (c) Jiv *55I^<^^1S«1J^:J: 
oTJKaa^tLfcl£^S<^STEM (Scanning Transmiss 
ion Electron Microscopy) \ZX^JtM^^<0^^^^ 

mi 2i (d) ^xxj^ (e) ft. :^m^(DmMm I kZ. 
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^^Xm^^fXitm^S(OSTEM (Scanning Transmi 
ssion Electron Microscopy) y^X^jz^j^K(Ol^^^ 

<omm$mM(D^^^:i'--i^3i»^^mm (Auger Spec 
troscopy) J:oT5^ff bfefe^Sr^UfciaffiTfoS 

[014] (a) is^x^ (b) :^^m<o^mmiic 

^^XW&^ri1t^^K<Dmm^^^'t>^ dine scann 
ing) UTEPMA (Electron Probe Micro Analysis) 

<oA®^5>jt (XPS) »«fo»|^Sr^Ufc0®-C?fc6 

mi 61 (a) *5j:u5 (b) :^^m<ommm5R 
mi 81 (a) isxx^ (b) ri. *iswosiiifi0ti 5 a 

XJ^it^mi\CX^^^mMi^MVX4. 6V-'4. 2 5V 

mi] 



[132 01 ^^m(Dmmm5 7bm7Rxfit&mikcx^> 

[0211 ^^e^coiiM^y 1 fi.i/itifit9\i 1 ic 

[02 21 ^^m<o^mmBRn^^m2\cx^^mm 

(02 31 *^5g<?5|^^j8. «S$fi[0^2^^Oflt®l«ai4lC 

(02 4 1 ;*:^i^(Dii2fe0d 1 . nmi^9. it^miRx^ 

(02 5 1 ;*:5l5g<?5ll:^^J 1 o&t/ltK094tcJ:^ift® 

(0261 ^^m(Dmmm i 2 , njs^ 1 sRx^^t&m 

(02 71 ^mm(Dmmmi 5\zx^V'^t^j^^>t>m 
?&tr 1 cxm^mi'i>m^<omM(r>^mm:&Rxm&^ 

[021 




20 



40 CO to IDQ 

lfctt«eifi<Mh/g) 



120 140 



160 




60 90 100 IZO 



[0131 



S$ O Al P Co<tt.«) 



0 74,57 9.01 4.75 14.77 

£4.2 74.e0 4.0 4.61 16.1 

37.6 74.05 9^ 3U» ttM 

79w2 74.09 2J3S 3 24.SS 

II2.B 74.!0 t.Ot 1.05 26135 

iso.4 74.65 o.os ass za-g . 



168 72.35 0.32 aZS 27.1 

g2S.o 72.69 o.oa goa 27.oa 



263w2 


65. S9 


0.01 


0 


33.78 


SOOlB 


G5.7I 


0.01 


0 


M.49 


33a4 


65.23 


0.01 


0 




376 


85.16 


0.01 


0 


asLS 



CoOa 
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41 



AA 



4.0 



(a) £ 



3^ 



I I I t M ' 1 ' I '1 '' I ' i "^' 




• O.ZC 
A 0-6 C 



J_i— L 



» ■ i ' I > » ■ » 



43 



s 

m 3.9 



XS 



I ' I ■ I M I ' I ' i ' 




I 



ao 40 80 80 100 130 140 IfiD 1M 



10 40 «> 80 1M 120 140 160 IW 




too 120 
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